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USING THEQRETTCAL DESCRIPTORS IN STRUCTURE ACTIVITY RELATIONSHIPS
: ITI. ELECTRONIC DESCRIPTORS

1 INTRODUCTION

Quantitative Structure-Activity Relationships (QSAR) have been used
successfully in the past %0 correlate a variety of activi.ties with many
empirically derived and structure based descriptors (1 - %'. QSAR is a
generalization of Linear Free Energy Relationships (J.FER) and is based on
work by Hammet in which he derived electronic descriptors for the
dissociation of substituted benzoic acids and their esters (9). The basic
tenet behind QSAR is that there is a connection between the microscopic
(molecular structure) and macroscopic (empirical) properties suc': that it
may be possible to predict empirical properties from the molecular
structure. Molecular  structure based properties, referred to as

descriptors, can be calculated with computational chemistry techniques.

1.1 Quantitative Structure-Activity Relationships (QSAR)

The Quantitative Structure<Activity Relationship (QSAR) concept
suggests that there can be a mathematical relationship between the
molecular structure of a compound and its activity in a system. Several
different structufal descriptors have been used in QSAR equations. These
range from experimentally determined pi and sigma to gquantum mechanical
energy levels. Activity, as used in QSAR, is defined as some chemical,
physical or biclogical property. One example is the reciprocal of the dose
of some substance required to produce a biological response. A chemical

example is the distribution of a solute between two solvents.



A very important consequence of the QSAR idea i3 that if a
mathematical structure-activity relationship can be found for a series of
compounds the activity of some related compound can be predicted. Of the
many possible mathematical relations a linear function is the simplest
mathematically and conceptually and can be shown to be a valid possibilicy
for QSAR.

1.2 Linear Relationships

The possibility of usinz linear relationships can be suggested by

heuristic arguments which use kinetiecs and thermedynamies.

The familiar linear relationship between 1log K, where K is the
equilibrium constant, and the standard Gibbs free energy change, AG, for a

given process is stated in (eqn.1).
AG =-2,30RT log K (egn.1)

If there is a linear relationship between log A, the 1logarithm of the
activity, A, and log K then there is a linear relationship between log A
and the Gibbs free energy change. A linear relationship between log A and
log K can be obtained using an argument based on a reaction mechanism and

an equiliorium constant expression (10).

A short explanation is based on the idea that the dose is related to
the concentration of a reactant while the response of the system can be
related to the concentration of a product. These concentrations can be

related through an equilibrium concentration expression. The activity can

¢




be taken as a funection of a concentration. The equilibriw. constant
expression involves mathematical products of concentrations with some
factors having negative exponents. Taking the 1logarithm of this

mathematical product produces .an algebraic sum of logarithms, a sum of

logarithms is linear in those logarithms. As a result there can be linear:

relation between the log A and log K.

Since there is a linear relationship between the log A and log K then
(ean.1) indicates that there is a linear relationship between log A and the
gibbs free energy change . The relationship between AG, AH, and TAS as
shown in (egn.2) can, by simple substitution show that AH is linearly

related to log A.
AH-=TAS=AG legn.2)

This is the tasis for the Linear Free Enthalpy Relationships (LFER).
(3ince the free energy and the enthalpy differ by T AS they have been

interchanged freely.) LFER represents a subset of the QSAR concept.

A connection between the LFER and structure was made by Hammett
through an analysis of dissociation constants for a series of benzoic acid
derivatives (9). The difference between the Gibbs free energy changes for
the dissociajion of each acid was assumed to be due to the difference
Letween thelr structures, This difference is asscciated with a  funetional
sroup,  Sigma is an empirical descriptor that is defined by the relation., /.
G(2)-AG(1) = =2.30 R T ¢’ and its equivalent form, log K(2)- Log K(1) = .
Hanmell  realized  that this descriptor was, in fact |, relasted to the
clectron withdrawing power of a particular attached group. This

relationship and many generalizations made from it have formed the basis
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benind LFER and subsequently, QSAR.

1.3 Linear Solvation Energy Relationships

Kamlet and Taft extended the LFER approach to¢ the interaction of
solutes and solvents (1,2). The interaction between a sclvent and sclute
is a solvation process and the associated energy change is called a
solvation energy. This type of Linear Free Enthalpy Relationship is called
a Linear Solvation Fnergy Relationship (LSER).

Taft, Kamlet and co-workers correlated over 100 properties with what
they call solvatochromatic parameters(1,2,3). The equation has the general

form shown in (eqn.3) (4):

LSER =z cavity term + polarizability term + hydrogen bonding term

+ intercept. (egn.3.)

The cavity term involves a volume (molar volume for solutes; Hildebrand
solubility parameter for solvents). The polarizability and hydrogen
bonding terms (one each for acidity and basicity) are expressed in terms of
the solvatochromatic parameters which are obtained from UV-VIS

spectroscopy.

The solvatochromatic parameters are empirical in nature; this means
that the compound ora series mof compounds have to be synthesized and the

parameters measured. Once the parameters, are measured the activity

(dependent. property

represents) can be correlated with
P

these parameters.

10



1.4 Example Cf The Application Of LSER

An example of solute-solvent interaction is the distributien
(partitioning) of hexane between cctanol and water as represented by the

following chemical equation:
hexane (in water)E hexane (in octanol) (eqn.4)
The equilibrium constant expression is given by
Kow = [hexane(in water)]/[hexane(in octancl)]

assuming one for the thermodynamic activity coefficients. This system
provides a convenient model for LSER studies since the partition
coefficient, Kow, is easily measured and can be taken as the measure of
activity  for the system.  Kamlet and Taft have log Kow data for over 7C
compeunds and have done extensive analysis on this system (2). Furthermore

the  partition coeficient provides a parameter which models the

iipophylic=hydrophylic clood<brain barrier.

Orne major difficulty with empirical descriptors is that the
compound(s) in either the initial correlations, or subsequent predictions,
have to be synthesized and the descriptors measured. This, to a large
degree, detracts from  the idea of property or activity prediction. The
heorporation of descriptors directly derived from the structure of the
ueiecule  into the QSAR equations can potentially vield relationships where
predictions of activities can be made without synthesis of the target

canzounds.,

11

.




1.5 Computational Chemistry And QSAR/LSER

Replaciing an equation using empirical descriptors with an equation
using theoretical or computationally derived descriptors makes it possible
to predict the activity (properties) of a compound a priori. In addition
using theoretical or computational descriptors in place of empirical
descriptors is a more direct application of the the structure-activity
relationship concept. Laboratory measurments are required in order to find
the LSER empirical descriptors and require considerable lab space, time.
and chemicals (some of which may be expensive or toxic). If molecular
structure descriptors can be obtained by computaticnal chemistry techniques
then 1laboratory space, time and chemicals can be conserved. Furthermore
the results of the computations can provide insights into the fundamental

processes involved.

Calculated molecular descriptors have been used in structure-activity
relations. For example Kaliszan and co-workers have used quantum chemical
parameters in quantitative structure-retention relations (QSRR) involving
gas chromatographic retention times (5,6). They were able to fit data with
a linear relationship. Another example of QSRR is the work of Dunn and
co-workers who have used molecular mechanics to obtain a molecular surface
area which they correlated with the gas chromatographic retention index

(7.

At the Chemometric/Biometric Mogeling Branch of the Chemical Research,

Development and Engineering Center (CRDEC) work has been done toward
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finding molecular parameters that can replace or co

terms 1n (egn.3). The computatioral facilities there have been used to
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demonstrate that the cavity term in (eqn.3) can be represented by the
molecular volume (4). In addition the polarizability term in (eqn.3) can

be well represented by a molecular polarizability parameter (7).

1.6 Scope Of This Report

The purpose of this paper was to search for a molecular parameter to
represent the hydrogen bonding term in (egqn.3). Some of the descriptors

that have been used will be described and suggestions will be made other

descriptors.

The system and process employed is the distribution of hexane between
two phases, octanol and water, as represented in (egqn.d4) above. The
partition coefficient, Kow, will be taken as a measure of the activity of

the hexane in this system.

Molecular deseriptors which have been used in this laboratory to
attempt to model hydrogen bonding basicities include the following: dipole
moment; formal charges; a charge interaction which was a sum of products of
pairs  of charges divided by the square of the number of atoms; a
charge-surface quantity which involved the double sum of atomic formal
charves  times the atomic areas divided by the double sum of the product of
the atomic areas; and a surface weightec root-mean-square charge parameter
wilch 15 a sum of the squares of the atomic formal charges times the atumic
vee divided by the total area. These quzntities gave very poor

statistical measures of fit as indicated by low values of the multiple

correlation coefficients (11).

- . R




2 EXPERIMENTAL

The experimental work involved the use of the computational facilities at
the Chemometric/Biometric Modeling Branch of the Chemical Research,
Development, and Engineering Center (CRDEC).

A general procedure was instituted for developing predictive
equations. First, molecular models are devised to describe hydrogen
bonding. Then a set of compounds is selected. For each compound, the
initial molecular geometry (bond distances, bond angles, dihedral angles
and atomic connections) are set up and semi-empirical quantum chemical
techniques are employed to optimize the geometry and produce electronic
parameters. These geometric and electronic parameters are used to
calculate other quantities required for the hydrogen bonding model.
Finaliy a statistical (multiple linear regression) analysis, using log Kow
as the dependent variable, is done on the set of data that has been
produced and the results are evaluated for statistical significance,

inter-descriptor correlations and physical content.

2.1 Chemical Computational Facilities

Geometrical optimization was done using programs available in MOPAC, A
General Molecular Orbiial Package (12). Specifically employed were MNDO
(minimum neglect of differential overlap) and AM1; these programs produce
files containing the geometry. energy and electron population. AM1 is a
prcgram which is designed to give a good representation for hydrogen

bonding (13). -

I



Charge and size related parameters were calculated using programs from
the Molecular Modeling, Analysis and Display System (MMADS) (14). This
software package was developed at the Chemometric/Biometric Modeling Branch
of the CRDEC. Two programs, CONOLLY and AREA, are available to calculate
types of molecualr surface areas. Another program, ELECTOP, was added to
MMADS to calculate the topological electronic index. In addition STICK was
used to display the input and optimized structures and to help set up the
input geometries. ZINDO was used to produce an electron population from
the optimized geometry. ZINDO uses the semi-empirical INDO/S (intermediate

neglect of orbital overlap) methodology (14).

2.2 Descriptor Models

Several different approaches were used to model hydrcgen bonding. A
major assumption is that hydrogen bonding is related to size and electronic
characteristics., Hydrogen boncding occurs with atoms that have a high
electronegativity; this is correlated with small size and five or more
valence electrons. Inherent in structure-property correlations is the idea
that bond energies are determined by such size and charge properties. This
suggests an alternate approach of directly calculating a measure of the
bond energy by using energy parameters that result from the quantum

chemical calculations.

The descriptors chosen are described in the following sections.




2.2.1 Topological Electronic Index

Kaliszan and co=-workers defined a quantum chemical parameter called
the topological electronic index, T(E). It combines electronic and
gecmetric deseriptors. They used it in the correiation analysis of
gas-liquid chromatographic retention indices (QSRR) (5,6). The topological
electronic index is a measure of the differences in solute melecular

constitution, shape and size and is defined by the following relation:

T(E) = Eabs[fc(i)-f‘c(j)]/r(i,j)z (eqn.5)

E3]
The sum does not include terms with iz=j as this would give an indeterminate

form. T(E) is the topological electronic index; fe(i) is the negative of
the excess electron population density (formal charge). The r(i,j) values

are the internuclear distances.

A physical interpretation of the topolcogical electronic index can be
made by recognizing that each term involves a coulombic interaction and
represents the magnitude of an electric field strength at a distance,

r(i,j), away from a charge of size, (fc(i)=fe(j)).

The distances and electron populations are obtained using quantum
chemical calculations. The distances were obtained from the optimized
geometry produced with the program, MNDO. The formal charges were
calculated using the program, ZINDO, which is better for electronics (15).
The program, ELECTOP, was written in FORTRAN (and incorporated into MMADS)

for the purpose of calculating the topeclogical electronic index.



Three other variations of the topological electronic index were also
used. The first one, labeled T(E)2, used the square of the difference in
the formal charge in place of the first power in the definition, (eqn.5).
The other two were the analogues of the first two with the formal charges
replaced by the electron populaticns. These were represented by T(E,P) and
T(E,P)2.

The topological electronic index was combined with the molecular
volume and the solute-solvent contact area (SCA) to produce other
descriptors. The solute-sovent contact area is deseribed in the next

section and the molecular volumes were described by Famini (4).

2.2.2 Solvent Contact Area

Since it is a geometrical descriptor a surface area, by itself, would
not be an adequate electronic descriptor since it does not include the
charge. Tn addition it correlates highly with the molecular volume.
However, the part of the solute surface area which can be touched by a
solvent molecule might provide a measure of the size contribution to
hydrogen bonding. This solute-solvent contact area (SCA) is defined as the
area of the surface of the solute molecule which a solvent molecule can
touch (16). This would depend on the size (radius) of the solvent molecule
and the shape of the solute molecule. The solute wolecule is treated as
sphere. The solvent contact area (SCA) was calculated with the program,

CONOLLY (17), which has been incorporated within MMADS,



One choice of a function involving charge and size would be the
product of the topological index and an area. It would have units of

electrical charge only.

2.2.3 Bond Energies

Two approaches uwere used to model the hydrogen bona more directly.

They are represented by the following processes:

compound (g) + H(+1)(g) ==> compoundH(+1) (g) (eqn.6)
and

compound (g) + H20 (g) ==> compoundH20 (g) (eqn.7)

Reaction enthalpies for the reaction involving H(+1) (eqn.6) were
calculated using enthalgpies of formation nbtained with the program, MNDO,
while those for the reaction involving H20 (eqn.7) were calculated using
the program, AM1. As in most quantum chemical calculations, the results
apply only to gaseous state molecules where there are no inter-molecular

interactions.

18



3 RESULTS

Each descriptor chosen was employed as the hydrogen bonding term in

the following version of (eqn.3):
logKow = a(molecular volume) + b (polarizability) + ¢(descriptor) + d (eqn.8)

The molecular volume and polarizability data were obtained from references
(4) and (8). The set of data was analyzed using a multiple linear
correlation analysis contained in the HASSLE statistical package which is
available from the DEC Users Society (DECUS) library. The results for the
goodness of fit are summarized by model below. Numerical values for

selected descriptors are listed in table A.

The symbols employed are listed here.

T(E) = topological electronic index
T(E)"2 = topological electronic index with squared charge
T(E,P) = topological electronic index based on electron populations
T(E,P)"2 = topological electronic index with squared charge based on

electron populations

McVol = molecular volume

SCA = solvent contact area
AH(6) = enthalpy of reaction with H(+1) (eqn.6)
AH(T) = enthalpy of reaction with H20 (eqn.7)
n = number of compounds, sample size

R = multiple correlation coefficient

SEE = standard error of the estimate

19
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o GBAD A5 4P 0 S0 um RS mis ol S Lo L

n=Te
T(E) 0.890 0.555
T(E)/MeVol 0.894 0.545
SCA 0.667 0.908
T(E)/SCA 0.914 0.496
T(E)®*SCA 0.858 0.625
n=38
A H(6) 0.351 1.25
T(E)"2 0.705 0,948
T(E)"2/McVol 0.736 0.90%
T(E)/SCA 0.747 0.889
T(E,P) 0.514 1.15
T(E,P)/McVol 0.409 1.28
T(E,P)/SCA 0.475 1.18

The values for the enthalpy change in the reaction with H(+1) (egn.6) were
not analyzed statistically. That model was rejected for physical reasons.
In some cases a hydrogen atom was extracted from the molecule to produce a
hydrogen molecule and a positive (-onium) ioa. That was a much stronger

interaction than expected for hydrogen bonding.

Calculations with the modified version of the topological electronic
index, T(E,P)2, were not pursued after calculations with T(E,P) showed low

multiple correlation coefficients.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIiﬁIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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Using the best hydrogen bonding descriptor, T(E)/SCA, (eqn.8) can

written explicitly as follows:
log Kow = ( 2.97 +/= 0.25)*McVol/100 + (0.T7 +/= 65.9)%PI#10 +
( =3.15 +/«- 0.23)*T(E)/(SCA*100) - 0.0739 (eqn.9)

n="7T2 R = 0.914 SEE = 0.496

-

PI is the molecular polarizability as described in reference (8).

be



4 DISCUSSION

The statistical quantities tabulated for the models in the results
section form the basis for judging the quality of the descriptor models.

In the above list the best descriptor for hydrogen bonding is the
topological electronic index divided by the solvent contact area., By
themselves the topological electronic index and the solvent contact area
give a low correlaticn coefficient. The topological electronic index
divided by the solvent contact area does incorporate the charge=size
concept associated with hydrogen bonding. The correlation index between
the topological electronic index and the solvent contact area is 0.280; the
correlation index between the ratio, topological electronic index/solvent
contact area, and the solvent contact area alone is 0.0238. This shows that
the new parameter is less correlated with the denominator (0.028) but more
correlated with the numerator (0.955). It appears, from a chemical sense,
that in the ratio the charge the charge effect is more important than the

size effect.

The medified forms of the topological index do not seem to provide any
improvement over that proposed by Kaliszan and co-workers. That suggests

that the formal charge could be the best charge parameter to use.

The enthalpy change (related to the bond energies) gives the worst
fit. That may indicate that the model of one solute molecule and one

solvent molecule is not adequate to describe hydrogen bonding. It does not

necessarily mean that a bond energy model should be discarded.



In order for the theoretical descriptor for hydrogen bonding to be
considered acceptable or useable, a linear relationship must be generated
that has approximately the same (or better) correlation as the empirical
parameter, B, being replaced. With McVol, PI and T(E)/SCA as independent
variables the multiple correlation coefficient for log Kow as the dependent
variable is 0.914. With MeVol, PI and B the multiple correlation
coefficient is 0.957. Consequently the theoretical descriptor, T(E)/SCA,
cannot replace the empirical hydrogen bonding descriptor, B, and achieve
similar levels of precision. The descriptor, T(E)/SCA, does satisfy the
condition that there should be little correlation between it and the other
two variables in (eqn.8), molecular volume (0.255) and molecular

polarizability (~0.196).

It is instructive to note some features of the topological electronic
index despite its being an inadequate descriptor fby itself) for this
investigation. Molecules with polar groups have higher values than those
without. For the same type of functional group molecules with longer
hydrocarbon chains tend to have smaller values. These observations are

consistent with (eqn.5).

23
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5 RECOMMENDATIONS

To continue the search for a molecular deseriptor for hydrogen bonding the
following models arxd their combinations might be promising. Some of these
suggested models are small variations on the models used in this paper,

5.1 Quantum Mechanical

A) Divide the topological electronic index by the fraction of the total
area that 1is accessible to the solvent. The fractional area might be a

better size descriptor than the solvent contact area.

B) Divide the topological electronic index by the surface area of the atom
with the most negative formal charge. The atomic surface area might be a

better size descriptor than the solvent contact area.

C) Use the difference between the formal charge on the most electronegative
atom when the molecule is near a water molecule and when it is isolated.
This value would be a measure of the effect of having a hydrogen bond which

would effect the electron population on atoms near the bond.

D) Use models consisting of the solute molecule and two or more water

molecules. This is a more realistic model for a hydrogen bonding system.

E) Use the energy of the highest occupied molecular crbital (HOMO). This
is some indication of the Lewis base strength particularly if the electrons

can be considered as a classical lone pair.

24



F) Use other molecular orbitai and their associated energies and geometry.

The presence of a lone pair could indicate involvement in hydrogen boiding.

5.2 Statistical Mechanical

bmploy statistical mechanical methods for medels consisting of several
water arnd solute molecules., The partition coefficient is a macrosconic
property; therefore it represents the interaction of a large number of
molecuies., In principle such a system can be analyzed with quantum
mechanics; however, the computations required are prohibitive because they
invelve interactions between the large number of atoms, Statistical
mechariical calculatjons should Ube 1less lengthy because they involve

interactions between the molecules which wiil be smaller in number than the

aroms.

«

5.» Date Analysis And Mathematical Models

The descriptors could further be analyzed using the statistical
reancigues  Aassdcisted  with prineciple  component analysis (18). A set of
deseriptors {and their comhinations) can be analyzed to find those which
meem tC give  the betlter correlations. It may be possibie to find linear
cuebinations which can be treated as new parameters, In this regard a
Anatiztieal  sofrware package wilh spreadsheet capabilities is useful; sets

s Jdata ean be resdily manipulated in order te get various combinations.




Other mathematical models could be examined. While the 1linear model
is convenient and can more easily be interpreted in terms of (eqn.3) it is
possible that other functions may work well, For example a quadratic torm
for one or more of the descriptors might give an equation that better fic.s
the data. The overall geoal is to find molecular properties which can be
quantitatively related to empirical properties. While doing this, it is
also important to be able to attach physical significance to the
descriptors, and mathematical terms and factors that occur in any equation

that comes out of the analysis.
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Table A
Values of Selected Molecular Lescriptors

# file McVol PI II*® B log T(E) T/Vol SCA T/SCA T*3CA AH

Kow #p3 *p3
units -> A"3 e/A"2 e/h"5 A2 e/A°L e keal
1 mjk01 119.0 .1000 -,08 0.00 3.90 0.535 4.50 68.5 7.81 35.6 -3.88
2 mjk02 106.7 .1045 0.00 0.00 3.44 0,126 1.18 58,2 2,16 7.33 =5.u48
3 mjk03 99.6 .0997 0.00 0,00 3,11 1,230 12.35 57.0 21.6 M.1 4577
4 mjkO4 100.4 .0997 ~.08 0.00 3.39 0,510 5.08 61.1 8.34 31.2 -U4.118
5 mjk05 89.2 .1025 0,00 0.00 3.00 0.184 2.05 54.8 3.36 10.1 H.626
6 mjk06 82.4 .0986 -.08 0.0 2.89 0.453 £5.50 55.0 8.24 28.9 H.685
7 mjk07 101.3 .1204 ,08 .1 2.60 0.923 %.11 B4.4 10.9 T77.9 -3.773
8 mjk08 91.6 .1159 .08 0.1 2,83 1.025 11.19 76.6 13.4 75.5 -5.77
9 mjk09 181.6 .1052 .14 .69 2.79 4.474 2L.64 83.9 53.3 375.4 4,854
10 mjk10 98.3 .1025 .39 .1 2.64 1,449 1L.74 65,2 2.2 G+.5 =7.578
19 mjk11 94.1 .10 .29 .1 2,49 2,109 2z.41 T1.2 29.6 152.2 =3.845
12 mjk12 65.5 .0953 -.08 0, 2.3 0,435 £.54 47.8 9.10 2.8 =3,166
13 mjk13 8.2 1162 .33 .1 2.29 0.955 11.08 5.5 12.7 72.1 -0.171
W mjki4 80.9 1010 .39 .1 2.04 1.256 15.53 59.8 21.0 T>.1 4,17
15 mjk15 131.5 .1020 .24 .71 1.45 4,266 32.44 66,7 64.0 2B4.5 -6.607
16 mjk16 117.1 ,1021 .5 .65 1.38 3.293 2£.12 68.7 47.9 226.2 -4.3°7
17 mjk17 79.6 .119% .17 .70 1.30 3.066 3£.52 63.2 48.6 1G3.5 -3.451
18 mjk18 107.3 .1022 .47 .46 1.20 5,744 53.53 67.6 84.3 385.3 -2.699
19 mjk19 100.1 .1001 .67 .50 0.91 3.176 31.73 61.5 571.6 1%.3 <U4.257
20 mjk20 90.5 .0995 .27 .47 0.89 3.534 35.05 60.5 58.4 213.8 -2.63
21 mjk21 80.4 .1002 .60 .38 0.88 2.371 25.4G 55.7 2.5 132.1 -2.488
22 mjk22 105.6 .1064 .76 .53 0.81 2.919 27.64 60.0 48.6 175.1 -3.269
23 mjk23 88.9 .1018 .55 .45 0,73 5.484 61.69 60.9 90.0 334.0 4,845
2L mjk24 96.2 .1010 .16 .7 0,70 2.881 29.95 55.7 S51.7 163.5 =3.249
25 mjk25 64.3 .0979 .6 .38 0.59 2,100 32.65 49.8 U2.2 104.6 -3.431
26 mjk26 78.6 .1025 .58 .55 0.46 2.889 36.76 52.7 OS4.8 132.3 -3.251
27 mjx27 130.4 .1038 .8 .78 0.34 6.691 51.31 67.3 9.5 450.3 -6.700
28 mjk28 81.0 ,1009 .67 .48 0.29 3.562 43.97 56.1 63.5 193.8 -3.708
29 mjk29 181.4 .1127 .87 1.05 0.28 14.131 77.90 79.7 177.2 1126.2 4,058
30 mjk30 70.8 .1005 .60 0.42 0,18 4.616 65.20 53.3 86.6 245.0 5,605
31 mjk3t 64.5 .1106 .83 .30 0.18 2.754 42.70 50.6 S4.5 135.L -2.681
3P mjk32 78.0 .1066 .14 .65 0.16 2.107 27.01 51.1 41,2 107.7 -18.28
33 mjk33 63.1 .09 .75 .37 0.10 1.126 17.84 50.6 22.2 57.0 =-2.8¢
34 mjk34 S55.1 .0Qu0 .27 .47 0,10 2.268 41.16 45,1 50.3 102.3 =1.561
35 mjk35 63.9 .0979 .71 .48 -.24 2.784 43,57 48.0 58.0 133.6 -2.543
36 mjk36 45.1 .0941 .75 .37 -.34 1.043 23,13 43.3 24,1 45.2  -1.447
37 m3jk37 47.0 1101 .8 .30 -.35 2.452 S2.17 44,4 55.3 105.9 -3.22%
38 mjk38 93.4 .1059 .88 .76 ~.T7 4.924 52.72 59.7 82.5 294.0  -U.477
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Notes:

39 mJk39
40 mJkd0
41 miku1
42 mikd2
43 mJjkl3
44 mjkdd
45 mJjkds
U6 mikub
47 mJku7
U8 mjkus
49 mjk49
50 mjk50
51 mjk51
52 mJk52
53 m3k53
54 mJjkSH
55 mJk55
56 mjk56
57 mik57
58 mjk58
59 mJjk59
60 mjk60
61 mjk61
62 mjkbé2
63 mjk63
64 mikbH
65 mjk65
66 mjk66
67 mik67
68 mjk68
69 mjk69
70 m3ik70
71 mjk71
72 mik72

36.5 .0859
9‘02 n0927
71.3 .0969
72.1 0955
89.8 .0980
89.4 098
89.7 .0976
89.1 .0978
107.4 .0995
106.8 .099%
108.,2 .0981
106.5 .099%
107.2 .0992
121.1 .1039
125.9 .0992
B4.6 1204
43,1 1204
119.1 ,1204
131.4 ,1252
100.8 .1249
101.8 .1209
109. .1237
126.4 1224
44,3 ,1208
99.8 .1237
105.8 .1280
99.7 .1276
101.7 .1307
136.5 .1210
118.9 1212
134.7 .1224
149,.1 .1257
167.5 .15
137. 1186

L]
]
L}
[ ]
L}
]
L]
L]
[
[}
[}
L]
[}
[
.
.
L]
.
L]
*
.
L]
-
*
L]
L]
L]
.
L]

Table A (eontinued)

40
40
40
40
40
40
40
40
40
40
40
40
40
4o
40
59
T4
0
90
@
54
73
69
65
T
79
%0
70
41
u7
€D
85
&
88

M0 -.65
.‘35 --30
.us I28
S1 .05
A5 .99
M5 .76
S51 .61
57 .36
A5 1.48
S 1.2
.45 103“
ST .89
51 1.28
45 2,03
51 1.48
.10 2.13
41 2.64
.48 1.58
.33 2.28
A4 1,48
11 2.69
22 2.1
.23 2.51
.23 3.18
.07 2.84
006 2.99
.38 1.56
L4 1,85
15 3,42
13 3.20
M0 2.21
.35 2.61
.35 3.31
48 2.20

1,980 54.25 36.6
2.693 49.69 45.1
2,782 39.02 50.1
3,422 47,46 50.1
3,015 33.57 57.7
3.127 34.98 56.6
3.562 39.71 54.4
4.108 46.11 52.9
3.102 28.88 63.1
3.674 34,40 61.1
3.707 34.26 60.3
4,284 40.23 58.1
3.926 36.62 59.6
3.196 26.39 71.2
4.530 35.98 62.9
0.189 2.23 55.2
5.595 39.10 79.5
2.766 23.22 68.2
3.176 24.17 7.1
1,985 19.69 6.9
0.623 6.12 61.7
3.280 30.09 66.5
4.054 32.07 72.6
4,150 28.76 80.0
1.352 13.55 67.0
1.085 10.26 71.2
1.076 10.79 6.2
2.684 26.39 70.0
1.605 11.76 76.5
1.102  9.27 69.7
5.092 37.80 72.9
3.236 21.70 T7.3
4.507 26.91 8.1
2.819 20,58 74.0

RN PRTC T SY T TRLC BTN

EESWLRERIABSATEVIRSYE
L4

-
oo rroLOGT

56.3
38.

2

72.5
121.5
139.4
1714
174.0
177.0
193.8
189.4
195.7
22,5
223.5
2u8 .9
234.0
227.6
284.9
10.4
4448
188.6
225.8
124.9
38.4
218.4
294.3
332.0
m.6
77.3
69.1
187.9
122.8
76.8
371.2
250.1
361.0
208.6

Table B eontains the names of the compounds keyed to the numbers,f.
II* is the solvatochromatie polarizability desariptor.
B is the solvatochromatie hydrogen bonding basieity deseriptor.
%P3 means times 10 raised to the positive third power.
e represents the atomic eharge unit.

A is the angstrom.
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1

2 cyclohexane

Table B

List of Compourds in Table A

3 2,2=dimethylpropane

4 pentane
5 eyelopentane

6

7 tetraehloroethene
8 carbon tetrachloride

9
10
1
12
13
4
15
16
V
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

cyclohex anone
ethyl ethanoate
ethyl dimethyl amine

tripropyl amine
1-chlorobutane
1,1,1-triehioroethane

trichloroethene
1-chlorepropane
trietihyl amine
2-hexanone
N-methyl pyriaine
ethyl propancate
Z-pentanone
diethyl ether

tetrahydrofuran
diethyl acetamige

hexamethyl phosphoramide
methyl ethancate
nitreethane

trimethyl amine
propanenitrile

dimethyl ether

propanone

ethanenitrile
nitromethane

38 dimethyl acrtamide

29

39
40
§1
u2
43
iy
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
1
T2

methanol

ethanol

n-propanol

2-propano.

n-butanol
2=-methyl-1-propancl
2-hutarncl
2-methyl=2-propanol
1-pentanol

3-pentanol
2,2=-dimethy.~1-propancl
2-methyl-Z-b,tanol
3-methyl-2-%.tanol
1-hexanol
3,3=-dimethy.-2-butanol
benzene

ethyl benzo:zte
acetophenore

dimethyl a.iline
benzaldehyas

toluene

methoxy benzene
ethoxy benzene
propoxybenzene
chlorobenzene
bromobenzens
eyanobenzene
nitrobenzens
1,3,5-trimet"vlbenze 2
m-xylene

o=dimethoxv benzene
n,n-dimethvy. amino toluene
N,N~-giethyv.: aniline
phenyl propzawone



Blank
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